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The effect of pretreatment with penicillin on para -aminohippurate 
(PAH) transport by the kidney of the immature rat was evaluated in vivo. 
After 3 days of penicillin administration, the renal clearances of in-
ulin (CIN ), PAH (CpAH )' and N-methylnicotinamide (C NMN) and the 
renal tubular transport maximum (Tm) for PAH were measured in rats 
as young as 17 days of age. The CpAH by 19- to 2l-day-old rats pre-
treated with procaine penicillin was 46% greater than that of their litter-
mate controls. Similarly, CpAH of rats that received sodium penicil-
lin was 27% greater than control. CIN was not increased after pen-
icillin pretreatment. Pretreatment with penicillin of rats older than 
24 days of age did not change C IN or CpAH ' The T m for P AH of 
l7-day-old rats pretreated with sodium penicillin was 51% greater than 
that of control rats. Sodium penicillin-pretreated rats had a lower 
CNNlN than did control rats. These results are in contrast with the 
normal pattern of renal maturation in Which CIN ' CpAH ' and PAH 
T m all increase with age. It was concluded that pretreatment with 
penicillin stimulates the renal secretion of organic anions by the imma-
ture rat. 
INTRODUCTION 
Organic anion accumulation by the immature kidney is stimulated by 
systemic pretreatment with penicillin or para-aminohippurate (PAH) in 
several species including the rat (Hirsch and Hook, 1970a; Bernhardt 
et al., 1973; Hook, 1974). Renal cortical slices from newborn rats pre-
treated with penicillin accumulate more PAH than do slices from saline-
pretreated rats. A kinetic analysis of in vitro kidney slice data indicates 
that the difference between the slices from penicillin-pretreated and con-
trol rats is an increased cellular uptake by the cortical slices of the 
treated rats (Pegg et al., 1975). 
Some results obtained in vitro do not parallel those obtained in vivo. 
For example, the maturation of PAH transport determined with kidney 
slices peaks at ten days of age in the rat (Kim et al., 1972), but a develop-
ment peak is not observed when PAH clearance is measured in rats of simi-
lar ages (Horster and Lewy, 1970). Differences between in vivo and 
in vitro data are not completely unexpected. The accumulation of PAH 
---
by kidney slices is an algebraic summation of uptake into cells, specific 
and non-specific cellular binding, and efflux of the drug from cells. In 
contrast, clearance values depend not only on transport capacity, cell 
permeability, and binding factors that apply to slices but also depend upon 
blood flow to functional tissue. 
It was decided to study the effects of penicillin pretreatment on the 
in vivo secretion of PAH by the kidney of the immature rat for three rea-
sons ~ First, differences do exist between in vivo and in vitro data. 
Second, clearances are an accurate measure of drug elimination by the 
kidney. Third, there is a limited amount of information about renal 
excretion of drugs by the immature kidney. The study was carried out by 
measurement of the clearances of inulin (CIN ) and PAH (CpAH )' and of 
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the transport maximum (T m) of PAH in rats of various ages with and 
without penicillin pretreatment. The results were compared with the effects 
of pretreatment with penicillin on the renal clearance of an organic cation, 
N -methylnicotinamide (CNMN). 
GENERAL METHODS 
Animals and anesthetic. Sprague-Dawley rats were used in all 
experiments. They ranged from l4-days-old ("J 40 g) to adult ("J 120 g). 
Nursing rats « 21-days-old) \vere housed with their mothers during all 
pretreatment periods. They remained with their mother until immed-
iately prior to use. Weanling rats were allowed food and water ad 
libitum prior to the experiments. 
All rats were anesthetized with ketamine (Ketaject, Parke-Davis). 
Ketamine was selected because it is an organic cation and should not in-
terfere with organic anion transport, and because anesthetic doses have 
minimal effects on respiration and renal functions (Kau et al., 1974). 
The initial dose of anesthetic was 100 mg/kg for rats less than 100 g body 
weight and 150 mg/kg for rats greater than 100 g body weight. Supple-
mental doses of ketamine, usually one quarter the initial dose, were 
given as needed. The animals were not artificially ventilated but a 
tracheotomy was performed to facilitate breathing if respiration was 
labored. 
Clearance measurements. Mter a rat was anesthetized, the left 
jugular vein was cannulated with PE 50 tubing for infusion of tritiated 
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inulin (3H-IN) and either carbon-14-labeled PAH (14C-PAH) or carbon-
l4-labeled - N-methylnicotinamide (14C - NrYfN) in a solution of 0.9% sodi-
urn chloride or 2.5 or 5% mannitol. The isotopes were given by rapid 
intravenous infusion for the initial ten to twenty minutes after which the 
rate of infusion was reduced by one-half for the duration of the experi-
ment. Thirty to forty minutes at the reduced rate were allowed for 
the distribution and equilibration of drugs within the body before timed 
urine collections were begun. 
During the period of rapid infusion, the ureter of the left kidney 
was cannulated with PE 10 tubing for urine collection. Urine was collec-
ted in calibrated micropipets (Dade Accupette Pipets, 10 to 50 Ill, or 
Drummond Microcaps, 10 to 30 Ill). Volume was determined by meas-
uring the length of the column of urine in the micropipet. Twenty micro-
liters of urine were usually obtained during a 5 - to 20-minute period, 
but samples ranged from 5 to 50 Ill. Urine collected during the equil-
ibration period was discarded. Each sample was quantitatively trans-
ferred to a disposable glass counting vial for measurement of the radio-
activity. After three to five periods of urine collection, a blood sample 
was taken from the abdomin~l aorta and the rat was exsanguinated. The 
left kidney was excised and weighed. 
The amounts of inulin and P AH excreted per minute (UIN V and 
UpAHV, respectively) were calculated for each collection period. In 
steady state, these excretion rates are constant. Since collection of 
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multiple blood samples from small rats would cause a significant re-
duction in blood volume and consequent alterations in renal function, 
one terminal blood sample was taken after the steady state was reached. 





Cx = clearance of compound X, ml/min 
(1) 
Ux V = mean excretion rate during steady state, dpm/min 
P x = plasma concentration of X in the terminal blood sample, 
dpm/ml 
Analytical methods. All radioisotopes were obtained from New 
England Nuclear, Inc. (Boston, Mass.). The specific activities were as 
follows: 32 !-ic/mg for 14C-PAH, 20.8 !-ic/mg for 14C-NMN, and 
227 !-ic/mg for 3H - IN. Radioactivity was measured by dual isotope 
liquid scintillation counting in a Nuclear-Chicago Isocap 300 counter. 
Quench corrections were calculated using Nuclear-Chicago standards 
by a PDS/3 computer which was connected on-line with the counter. The 
PDS/3 computer was also programmed to calculate the disintegrations 
per minute for each sample. The counting solution was either 10 ml of 
Unisol Complement (Isolab, Inc., Akron, Ohio) or 10 ml of a solution 
of 6 g PPO, 1 liter of toluene, and 600 ml of 2-ethoxyethanol. 
Statistical evaluation was accomplished by anal ys is of variance 
or Student's t-test, as appropriate. Slopes of the lines in figure 2 
were determined by least squares linear regression. Possible devia-
tion linearity was tested by comparison of linear regression with 
quadratic regression (Snedecor and Cochran, 1967). 
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EXPERllv1ENTAL DESIGN 
Maturation of inulin and PAH clearances. CIN and CpAH were 
measured in 50 to 100 g rats using the steady state procedure described 
above. The rats were infused with 3H-IN and l4C-PAH in a solution 
of either 0.9% sodium chloride or 5% mannitol. The plasma PAH con-
centrations did not exceed 1. a Ilg/ml. At this plasma concentration, 
CpAH is determined primarily by the effective renal plasma flow. 
Effect of penicillin pretreatment on CIN and Cp AH . Three 
series of experiments were done to determine the effect of penicillin 
on the clearance of isotopic inulin and PAH. In the first experiments, 
16- to l8-day-old rats received procaine penicillin, 30, 000 units/dose, 
subcutaneously, twice daily for three days. Littermate rats were given 
an equivalent volume of 0.9% sodium chloride solution as a control. 
This treatment schedule was used because it produces stimulation of 
renal organic anion accumulation measured in vitro (Hirsch and Hook, 
1970a). Clearances of inulin and PAH were measured 12 to 24 hours 
after the last penicillin or control injection. CIN and CpAH were 
measured during an infusion of a 0.9% NaCl solution at 3.2 Ill/min. 
In the second series of experiments, sodium penicillin replaced 
procaine penicillin to evaluate possible effects of procaine, an organic 
cation transported by kidney tubules (Weiner and Mudge, 1964). 
Because sodium penicillin is excreted more rapidly than procaine peni-
cillin' sodium penicillin injections were given more frequently. Injec-
tion of 50, 000 units of sodium penicillin was lethal for all 16- to 18-
day-old rats, but no deaths occurred after subcutaneous injections of 
25, 000 units per dose of sodium penicillin. Two doses of 25, 000 units 
sodium penicillin were given on the first day of treatment and three 
doses were administered on the second and third days. Littermate 
control animals received an equivalent volume of 0.9% NaCI solution 
on the same schedule. Clearances of 3H - IN and 14C -PAH were meas-
ured during infusion of 5% mannitol at a rate of 7 .5 Ill/min to increase 
urine flow. 
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In a third group of experiments, rats older than 24 days were 
pretreated with procaine or sodium penicillin on a schedule similar to 
that described previously for the l6-day-old rats. Some rats were ad-
ministered PAH (200 mg/kg, i. p., twice daily for three days) during 
the pretreatment period. Control rats were given an equivalent volume 
of 0.9% sodium chloride solution. Clearances were measured during 
either 0.9% sodium chloride or 5% mannitol infusion. 
Transport maximum (Tm) of PAH. The renal tubular Tm for 
PAH was measured in penicillin-treated and control rats. Fourteen-
day-old rats received three injections of sodium penicillin (25, 000 units/ 
dose, s. c .) for three days. Control rats received injections of 0.9% 
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sodium chloride solution on the same schedule. 1'Welve to twenty-four 
hours after the last injection, the rats were infused with a solution of 
carrier PAH to which 3H-il'J and l4C-PAH had been added. The plasma 
PAH concentration was different for each rat and was governed by the 
rate of infusion (3.25 to 7 .5 iJl/min) and the concentration of PAH in 
the infusate (5 to 30 mg/ml), as well as by each rat's ability to secrete 
PAH. The renal transport of PAH and the secretory load of PAH were 
calculated for each rat. The transported PAH was calculated as the 
PAH excreted (UpAH V) minus the PAH filtered (plasma PAH concen-
tration multiplied by C1N). The plasma PAH was assumed to be un-
bound (Splinter and Braeunlich, 1973). The secretory load of PAH is an 
estimate of the PAH available for transport and was calculated accord-
ing to the following formula: 
vJhere: 
S L = secretory load 
R = CpAH/CIN 
C1N clearance of inulin for each rat 
(p AH)P1 = concentration of P AH in the plasma for each rat 
(2) 
The purpose of this calculation was to normalize data from rats of the 
same age from different litters. The calculation assumes that, for rats 
of similar age and weight, the renal plasma flow (RPF) and C1N vary 
in parallel (Nfudge and Taggart, 1950). This assumption is reasonable 
for the !Small range of GIN found here. 
The value for R (::: 3 . 71) was taken from the sodium penicillin 
group in figure 3 (see RESULTS). This value was chosen for three 
reasons. First, the penicillin pretreatment schedule of the rats in 
which PAH Tm was measured was similar to that for the rats in the 
sodium penicillin group in figure 3. Second, both groups of rats have 
similar GIN' Third, penicillin treatment increases PAH extraction 
Oohnson et aI" 1976) and thus GpAH /G IN ratio from the sodium 
penicillin-treated group provides the best estilnate of RPF . 
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Effect of penicillin pretreatment on clearance of N-methylnico-
tinamide (GI\1MN)' To evaluate the effect of penicillin pretreatment on 
a proximal tubular function other than GpAH' the GNMN was meas-
ured in sodium penicillin-treated and control rats. Fourteen-day-old 
(40 g) rats were administered three doses of sodium penicillin per 
day (25,000 units/dose, s.c.) for three days. Twelve hours after the 
last penicillin or saline injection, the GIN and GN1vtN were meas-
ured during infusion of 3H- 1N and l4G-NMN in a 2.5% mannitol 
solution. The infusion rate was 7 .5 Ill/min. The plasma concentra-
tions of NMN during steady state « 1 Ilg/ml) were assumed to be 
well below the Tm for NMN (Ross et al., 1975). 
RESULTS 
Maturation of inulin and PAH clearances. Results of a typical 
experinlent are shown in figure 1. The radioactivity collected per min-
ute during the last three periods of urine collection is relatively 
constant. This constancy is indicative of a steady state. The clear-
ances of inulin and P AH were calculated from the plasma radioactivity and 
the mean tN of the last three collection periods by the use of formula 
(1) • 
The steady state method of measuring renal clearance \vas used 
to determine CIN and CpAH in ten rats of various sizes (50 to 100 g). 
The data from these rats (fig. 2) illustrate the changes in renal function 
during maturation. e IN and CpAH (figs.2A and 2B, respectively) 
exhibit significant regression on kidney weight (p < 0.01). The regres-
sions are linear but the lines do not pass through the origin. This sug-
gests that the relationships of C
IN 
and CpAH with kidney weight 
illustrated in figures 2A and ~B differ from those during the earlier 
period of maturation. The data also demonstrate that, for a 60% increase 
in kidney weight (0.25 g to 0.4 g), the CIN increases 216% and the 
CpAH increases 210%. Thus, the GFR and effective renal plasma flow 
increase at a rate greater than the rate of growth of the kidney. 
Fig. 1. Urinary excretion data for a 17 -day-old (48 g) control rat in a 
typical experiment. The UIN V and UpAH V were calculated from data 








Fig. 2.. Maturation of CIN and CpAH ' In panel A, CIN (ml/min) is 
plotted versus wet kidney weight (g). In pa.nel B, CpAH (ml/min) is 
plotted versus wet kidney weight (g). In panel C, CpAH ( ml/min) is 
plotted versus CIN (ml/min). The regression coefficient (slope), the 
standard error of the slope (S. E.), and coefficient of determination (r2) 
are presented in the upper right-hand corner. The data in each panel 
are for the same ten rats. 
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(mUmin) A A B C 
Slope 1.16 3.34 3.06 
S. E. 0.19 0.47 0.08 
.2 ,2 0.81 0.86 0.96 
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That the rates of maturation of CIN and CpAH are similar can 
be concluded from three facts. First, as presented above, for a given 
increase in kidney weight the percentage increase in CIN and CpAH 
are the same. Second, CpAH /C IN does not exhibit significant regres-
sion on kidney weight (P :::: 0.47). Third, the plot of CpAH versus CIN 
(fig. 2C) is linear (P < 0.01). 
Effects of penicillin pretreatment on CIN and CpAH . The results 
of penicillin pretreatment on CIN and CpAH of 16- to 18-day-old rats 
are shown in figure 3. The CpAH of the rats pretreated with procaine 
penicillin is 46% greater than Cp AH of the controls (P < 0 .01) . Shn-
Harly, the CpAH of rats that received sodium penicillin is 27% greater 
than control (P < 0.01). Although mean CIN increased after either 
treatment, this change is of borderline statistical significance (P 0.06). 
The CpAH /CIN ratio is 19% greater for procaine penicillin-treated rats 
than for their controls, and 14% greater for the sodium penicillin group 
than for the control group. Both increases in CpAH /C IN after treat-
ment are significant (P < 0.05). These data demonstrate that pretreat-
ment of maturing rats with either procaine penicillin or sodium penicillin 
increases CpAH . If either penicillin treatment affects CIN, it is to a 
lesser extent. 
Pretreatment of rats older than 24 days with either penicillin or 
PAH has no effect on CIN or CpAH ' The data for control and pre-
treated rats are presented in table 1. The doses of PAH (Hirsch and 
Fig. 3. Effect of pretreatment of 16- to l8-day-old rats with penicillin 
on CIN and CpAH ' Clearances are expressed as ml/min-g kidney. 
Solid bars represent CIN and CpAH for rats (n = 5) pretreated with 
procaine penicillin (30, 000 units/dose, twice daily for three days). 
Hatched bars represent CIN and CpAB for rats (n = 4) pretreated with 
sodium penicillin (25, 000 units/dose, two doses on the first day of treat-
ment and three doses on the second and third days of treatment). CrN 
and CpAH of the littermate control rats (n = 5, 4, respectively) are 



























Effect of pretreatment of rats older than 24 days with penicillin or PAH 
on CIN and Cp AH . 
Control a Treated 
Body Wt. CIN CpAH Body Wt. CIN CpAH 
g m1/min-g g m1/min-g 
57 0.346 1.18 58 b 0.285 1.09 
57 0.372 1.19 58 0.340 1.06 
60 0.193 0.760 55 c 0.283 0.934 
60 0.288 0.909 55 0.184 0.732 
61 0.247 0.943 59 d 0.480 1.22 
60 0.393 1.10 60 0.362 1.64 
73 0.414 1.22 63 0.658 1.33 
75 0.485 1.64 82 0.627 1.81 
78 0.473 1.33 
84 0.693 1. 91 
a. All control rats were treated with 0.9% sodium chloride solution. 
b. Pretreated with procaine penicillin (30, 000 units/dose, s.c., twice 
daily for 3 days) 
c. Pretreated with sodium penicillin (25,000 units/dose, s.c., 3 times 
a day for 3 days) 
d. Pretreated with PAH (200 mg/kg, Lp., twice daily for 3 days). 
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Hook, 1970a) and penicillin (fig .3) administered during the pretreatment 
period increase PAH transport in younger (16-day-old) rats. Thus, 
doses of penicillin and PAH, which effectively increase accumulation in 
slices from kidneys of l6-day-old rats, do not increase CpAH in rats 
eight days older. 
Transport maximum of PAH. The results of penicillin pretreat-
ment on the PAH T m are illustrated in figure 4. The T III of PAH 
increases from 0.184 mg/min-g kidney by control rats to 0.278 mg/min-g 
kidney by rats pretreated with sodium penicillin. Thus, PAH Tm is 
increased after penicillin pretreatment in immature rats. 
Figure 5 depicts the T m for PAH in 36-day-old rats. The curve 
for the 17 -day-old rats in figure 4 is shown for comparison as a dashed 
line in figure 5. The PAH T m appears to be close to 0.600 mg/min -g 
in 36-day-old (100 g) rats. Although T m for PAH may not have been 
achieved in the older rats, it is apparent from figure 5 that PAH T m 
increases with age. 
Effect of penicillin pretreatment on clearance of N-methylnicotin-
amide. The results of penicillin pretreatment on the clearance of 
N-methylnicotinamide (CNMN) are summarized in table 2. CIN is not 
increased by the penicillin administration. CNMN is lower in the 
tre.a.ted group. The CNMN /eIN ratio also tended to be smaller for 
the treated animals. 
Fig. 4. Effect of pretreatment of l4-day-old rats with sodium penicillin 
on the T m for PAH. Transported PAH is plotted versus secretory load 
of PAH. The units of each parameter are mg/min - g kidney. Each point 
is a value for one rat. Sodium penicillin was given three times a day 
for three days. Rats were 17 -days -old when T m was determined. Se-
cretory loads greater than 0.3 mg/min-g kidney were used to calculate 
T m. The PAH Tm's are given as mean (± s. E.) in the upper right-
hand corner. P AH T m for the treated rats is greater than control 
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Fig. 5. PAH Tm of 17-day-old and 36-day-old rats. Transported PAH 
is plotted versus the secretory load of PAH. The units of each parameter 
are mg/min-g kidney. The smooth curve represents the curve from 
36-day-old rats. The interrupted curve is identical to the control curve 
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Effect of pretreatment of l4-day-old rats with sodium penicillin on CNMN · 
Control a Penicillin b pc 
CIN (ml/min-g) 0.718 + 0.059 d 0.661 + 0.075 N.S. -
CNMN (ml/min-g) 1.31 + 0.079 0.986 + 0.086 0.03 
CNMN/C1N 1.84 + 0.10 1.52 + 0.13 0.09 
a. Littermate saline-treated control rats (n = 4) 
b. Fourteen-day-old rats were treated with 25,000 units of sodium peni-
cillin, s.c., three times a day for three days (n = 6). 
c. Student's t-test: control versus penicillin. 
d . Mean ± S. E . 
DISCUSSION 
Systemic pretreatment of immature mammals with penicillin or 
PAH increases renal cortical organic anion accumulation in vitro 
(Hirsch and Hook, 1970a; Hook, 1974; Pegg and Hook, 1975). The goal 
of our study was to examine the effect of penicillin pretreatment of im-
mature rats on the renal excretion of PAH in vivo. To identify the 
effects of penicillin administration, C1N ' CpAH ' C NMN and 
T m for PAH were measured in saline- and penicillin-treated rats. To 
establish the pattern of normal renal maturation, measurements of 
and PAH Tm were made in rats 21- to 36-days-old. The 
changes in renal function during maturation were contrasted with the 
changes after penicillin administration in order to elucidate the 
mechanism by which pretreatment with penicillin causes an increase 
in renal PAH secretion. 
The changes in CIN and C PAH as the kidney matures are shown 
in figure 2. The maturation of CIN and CpAH is more rapid than 
is the growth of the kidney. That is, the C1N and CpAH per gram 
kidney are increasing in 21- to 36-day-old rats. The CIN and CpAH 
per gram kidney also increase during the first 21 days after birth 
(Horster and Lewy, 1970). Potter et al. (1969) reported that eIN per 
gram kidney weight is constant in rats older than 36 days of age. Thus, 
the rapid maturation of C IN and C PAH after birth diminishes until 
the changes in CIN and CpAH are accounted for by changes in renal 
mass. 
Other parameters of renal function change also with age. The 
PAH Tm in this study was 0.184 mg/min-g for 18-day-old rats 
(,...... 50 g), and about 0.600 mg/min-g for 36-day-old rats (~100 g). 
The CNMN for l8-day-old rats in our experiments is 1.31 mg/min-g. 
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Ross et al. (1975) reported the CNMN in adult rats is about 3.5 mg/min-g. 
Thus, renal maturation in the rat is characterized by a general increase 
in several functions . 
Increases in glomerular filtration rate and in organic anion and or-
ganic cation transport during normal development are consistent with the 
anatomical changes that occur during renal growth. Although nephrogene-
sis is normally complete in a 21-day-old rat (Baxter and Yoffey, 1948), the 
CIN per gram kidney weight continues to increase with age. Changes in 
CIN after completion of nephrogenesis may be related to increasing sys-
temic blood pressure, increasing glomerular surface area, or increasing 
glomerular permeabilities (Loggie et al., 1975). Glomerular differentiation 
is accon1panied by the appearance of a brush border on the proximal 
tubular cells. The formation of the brush border has been correlated with 
proximal cell function. Thus, the functional and morphological develop-
ment of tubular cells occur in parallel. 
Another factor which may influence the changes in CpAH and 
CNMN with age is an intrarenal shift in the distribution of the blood 
flow. In the dog, renal maturation is associated 'with an increase in 
blood flow to newly formed cortical nephrons at the expense of medullary 
nephrons (Kleinman and Lubbe, 1972). This shift in distribution of 
renal blood flow (RBF) has been correlated with an increase in extrac-
tion of PAH Gose et al., 1971). A similar redistribution of RBF in 
the gro'wing rat could increase the clearances of PAH and I\1\1N during 
maturation. 
The data of figure 3 show that pretreatment with penicillin does 
result in an increased clearance of PAH. Although CIN did increase 
in some experiments, CIN is not altered consistently by penicillin 
treatment. The T m for PAH is greater in the rats given penicillin 
than in saline control rats (fig. 4), but CNNlN was lower in the treated 
rats (table 2). If the penicillin regimen simply hastened the normal 
maturation, CIN ' CpAH ' C NNlN and PAH T m would be expected 
to increase, as discussed above. The stimulation data show instead 
that Cp AH and T m for P AH are increased, CIN is unchanged, and 
CNMN is decreased. Thus, the changes in renal function after penicillin 
pretreatment are distinctly different from the changes during normal 
growth and appear to be specific for PAH transport. Further support 
for the concept that stimulation differs from normal growth has been 
provided by the work of Pegg and co-workers (1975). They found that 
28 
penicillin stimulation altered the apparent affinity (K
m
), but did not 
change maximum velocity (V max) of PAH uptake. In contrast, during 
normal growth, V max increases but the Km for initial accumulation of 
PAH by the kidney slice does not change (Kim et al., 1972). 
It is clear that renal PAH secretion is affected by penicillin pre-
treatment. The secretion of PAH by the kidney in vivo involves the 
movement of PAH from the blood into the cell and then from the cell 
into the urine. The rate of uptake of PAH from the blood into the cell 
depends upon the amount of PAH presented to the cell and the capacity 
29 
of the cell to transport the drug. Since distribution of renal blood flow (RBF) 
determines the amount of PAH available to the nephrons for secretion, a 
possible effect of penicillin pretreatment would be a change in distribu-
tion of RBF so that PAH is presented to more cells capable of secreting 
PAH. If PAH Tm is a measure of the proximal tubular cell's ability 
to secrete PAH, the PAH T m would not be increased after changes in 
the distribution of RBF. In addition, such a shift in RBF would also 
increase clearance of organic cations, ~, NMN. Because PAH T m 
is greater and CNMN did not increase after pretreatment, it would 
appear that penicillin pretreatment increases selectively the capacity 
of the proximal tubular cells to secrete PAH. 
A likely choice for the site of stimulation would be active uptake 
of PAH by the tubule cell. Studies in vitro have shown that PAH uptake 
into renal cortical slices from penicillin-pretreated rats is greater than 
that into cells from control animals (Pegg et al., 1975). The runout 
of PAH was not affected by penicillin pretreatment (Pegg et al., 1975). 
The runout of PAH from kidney slices represents mainly movement 
across the peritubular membrane since the lumens of the tubules are 
collapsed in the slice preparation (Weiner, 1973). In vivo secretion of 
PAH, in contrast, involves movement across the peritubular and 
luminal membrane. Thus, changes in flux of PAH into the lumen may 
also contribute to the increase in secretion. The data indicate an in-
crease in the secretion of PAH after pretreatment with penicillin, but 
they do not allow us to distinguish the relative contributions of chang-
es in transport into the cell and into the urine. 
Although it is clear that PAH transport is increased after pen-
icillin pretreatment, the question may be asked, what is the cellular 
mechanism of stimulation? The changes in PAH accumulation by kidney 
incorporation of 3H -leucine into protein "(Hirsch and Hook, 1970b). 
Pegg and Hook (1975) have shown that the increased transport of PAH by 
stimulated renal cortical slices is blocked if cycloheximide is admin-
istered with penicillin pretreatment. Thus, it has been speculated 
that the cellular mechanism of stimulation involves the synthesis of 
new protein essential for the transport of PAH. However, a direct link 
between increased protein synthesis and increased PAH uptake has not 
yet been made. 
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Our attempts to stimulate 24-day-old rats with either penicillin 
or PAH were unsuccessful. Similar data have been reported by Pegg 
and Hook (1975). These results indicate that relatively mature animals 
( < 24 days of age) do not respond to pretreatment with penicillin. In 
contrast, Bernhardt and associates (1973) have reported that PAH admin-
istered in repeated doses of 1000 mg/kg effectively increase the renal 
excretion of PAH in adult rats (240-days-old). Smaller doses are inef-
fective. Since the doses of PAH given to the adult rats are five times 
those administered by us, the apparent discrepancy between our data 
and those of Bernhardt et al. may be related in part to the dose of sub-
strate. Since a mature rat will excrete a given dose more rapidly than 
an immature animal, the older rat will be exposed to a lower concen-
tration of the drug for a shorter period of time. Therefore, equal doses 
per unit body weight would not have an equivalent effect. 
The data presented here indicate that the secretion of PAH can be 
enhanced by the pretreatment of animals with a second organic anion 
that is transported by the carrier system, penicillin. PAH excretion by 
rats can also be increased by pretreatment with either PAH (Bernhardt 
et al., 1973) or several sulfonamides (Storch and Braeunlich, 1975). 
The complete range of compounds capable of producing stimulation 
in vivo is not known, but available evidence suggests that any compound 
that is transported by the organic anion system of the kidney may be ef-
fective as a stinlulator. In addition, stimulation of renal PAH transport 
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in vivo is not species specific since, while this study was in progress, 
similar data were collected from penicillin-pretreated puppies (Johnson 
et al., 1976). 
The renal maturation pattern of humans is similar to that of other 
mammalian species (Loggie et al., 1975; Edelmann, 1966). The imma-
ture human kidney is capable of secreting organic anions but it does so 
less efficiently than does the adult kidney (Calcagno and Rubin, 1963). 
There is evidence that the human kidney responds to high doses of PAH 
in a fashion similar to the rat (Traeger et al., 1974). However, we 
know of no instance in which substrate stimulation of organic anion 
transport has been therapeutically significant. Nevertheless, since in-
fants are exposed to drugs which are organic anions at body pH, e. g . , 
penicillin and sulfonamides, the potential for stimulation of organic 
anion transport does exist. 
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